A strain of the lichen mycobiont of Ramalina celastri, isolated from ascospores, was cultured axenically on two solid media containing high amounts of the carbon source: sucrose in MY10 and mannitol in BMRM. Usnic acid, the major cortical lichen metabolite, was produced by the colonies grown on MY10, with a very high yield (7.9%) in comparison with that in the lichen thallus. Mycelia grown on BMRM did not produce the lichen secondary metabolite and rendered triacylglycerides (8.5%) instead. Analysis by GC-MS of the fatty acid methyl esters revealed the presence of oleic, palmitic and stearic acids as the main triacylglyceride constituents. The present results highlight the impact of the culture conditions on the lichen mycobiont secondary metabolism and confirm that MY10 is a useful medium to obtain usnic acid from mycobionts in the laboratory.
Lichens are symbiotic associations of fungi and microscopic algae and/or cyanobacteria. They produce a large diversity of fungal secondary metabolites. The majority of these lichen compounds are polyketides like depsides, depsidones, depsones, dibenzofurans and the related usnic acids, often included in the dibenzofurans. Many of these secondary metabolites are considered as promising sources of pharmaceutically useful chemicals [1, 2] .
Usnic acid is a characteristic cortical substance of many lichen genera, as for example Flavoparmelia, Ramalina, Usnea, and Xanthoparmelia. Its various biological activities and uses have been recently reviewed [3, 4] . Some previous mycobiont culture studies of Ramalina species reported usnic acid production: R. crassa and R. yasudae [5] , and R. siliquosa [6] . In a previous paper [7] we reported the production of usnic acid by a cultured strain isolated from Argentine material of R. celastri grown on malt yeast medium (MEYE) with a yield of 0.58%, w/w, higher than the concentration in the lichen thallus (0.08%). This compound was also reported for cultured mycobionts of other lichens [8a-c] and for lichen tissue cultures [9] . Other lichen culture studies reported the production of primary aliphatic acids instead of lichen phenolic compounds: triacylglycerides, by strains of Parmotrema eciliatum and Flavoparmelia exornata [10] and Parmotrema reticulatum [11a] , or triacyl-and monoacylglycerides by the mycobiont of Punctelia subpraesignis [11b]. Free and combined fatty acids were also reported for thalli and mycobionts of Teloschistes flavicans [12a] .
The present study reports the results obtained with the mycobiont of R. celastri grown on two different media [12b] with high amounts of carbon source: 1) MY10, a malt yeast medium with extra sucrose, and 2) BMRM, a mannitol rich medium. Mycobionts grown on MY10 produced yellow crystals of usnic acid, the major secondary metabolite of the lichen thallus [7] . Its structure was characterized by 1 H NMR, EI-MS, HPLC and comparison with reported data [2,7,12c]. The yield of usnic acid (7.9 %) in the present investigation was much higher than the yield obtained previously with MEYE medium [7] , and very high in comparison with that in the lichen thallus. Consequently, in this species, lichen material could be satisfactorily substituted by mycobiont colonies grown on MY10, as a source of pure usnic acid for biological activity assays. Mycelia grown on MY10 accumulated usnic acid mainly on apical parts ( Figure 1B ) and showed high amounts of crystals in microscopic preparations ( Figure 1A) . Mycobiont colonies grown on BMRM developed fast but did not show yellow apical parts but a general glossy surface ( Figure 1C ). Colonies grown on this medium did not produce usnic acid, but triacylglycerides instead, as the major compounds (8.5%). These lipids presumptively accumulated inside spherical cells with thick walls ( Figure 1D ).
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Analysis by GC and GC-MS of the fatty acid methyl esters prepared from the triacylglycerides mixture revealed that the main constituents were palmitic (C 16:0 ) (21%), stearic (C 18:0 ) (20.3%), and oleic (C 18:1 ) (40.1%) acids, together with palmitoleic (C 16:1 ) (0.3%) acid as a minor component. These results indicate that fatty acids and acylglycerides frequently accumulate when mycobionts are grown under conditions that cannot drive the metabolism to the synthesis of lichen secondary metabolites. The factors that favor this shift are not known [11a] .
Experimental
General experimental procedures: Analytical HPLC, Gilson 506C HPLC system [7] ; TLC Kieselgel 60 F 254 (0.2 mm, Merck) using toluene: AcOH (17:3) for usnic acid and cyclohexane: acetone (7:3) for triacyglycerides; GC-MS, Hewlett Packard 5890A gas chromatograph and a TRIO-2 VG mass spectrometer. GC, Hewlett Packard 5890A gas chromatograph equipped with a flame ionization detector and an Ultra-1 column (100% polymethylsiloxane) (25 m long, 0.25 m firm thickness and 0.20 mm internal diameter). Nitrogen was used as carrier gas. Injector and detector temperatures were set at 250 and 280ºC, respectively. Oven temperature was kept at 150ºC, then gradually raised to 280ºC at 15ºC/min and finally held isothermally for 15 min. Quantification of FAMEs was performed using the fatty acid methyl ester of nonadecanoic acid (C 19:0 ) as internal standard.
Lichen material: R. celastri was collected in the surroundings of El Palmar National Park (Entre Ríos Province) by B. Lechner. A voucher specimen of the lichen is kept at BAFC (Buenos Aires Facultad de Ciencias Exactas y Naturales Herbarium) [12d] under number 39217.
Culture procedures:
Mycobionts of Ramalina celastri (strain with BAFC-culture registration number 3120) were obtained and cultured as described previously [7,12b] . Mycelia were grown for 8 months in each medium. Observations and photographs were developed under a dissecting microscope (Zeiss Stemi SR) for low magnifications and a light microscope (Zeiss Axioscope) for microscopic details. Microscope preparations were made taking small amounts of mycobionts and mounted in water, except for detection of lipids, where fungal tissue was stained with Sudan III (0.2% ethanolic solution).
Extraction and isolation of usnic acid:
Colonies of R. celastri (1.29 g dry weight at 50ºC) grown on MY10 were extracted with acetone at room temperature during one week. After evaporation to dryness, the extract of R. celastri mycobionts was partitioned between EtOAc and H 2 O to give an EtOAc-soluble fraction (172.3 mg), which was further purified by preparative TLC (toluene-AcOH, 17:3) to afford usnic acid (35.5 mg).
Extraction and isolation of triacylglycerides:
Colonies of R. celastri (3.54 g dry weight at 50ºC) grown on BMRM were extracted with acetone at room temperature during one week. After evaporation to dryness, the extract (549.1 mg) was purified by silica gel CC (Merck, 0.063-0.20 mm) using cyclohexane and gradients of cyclohexane/acetone. Fractions eluted with cyclohexane/acetone (99:1) gave a mixture of triacylglycerides (302.4 mg).
Preparation of fatty acid methyl esters:
Fatty acid methyl esters (FAMEs) were prepared by treating 8.2 mg of the triacylglycerides mixture with HCl 2% in methanol (1 mL) at 60ºC for 2 h. After cooling, water (0.5 mL) was added. The mixture was extracted with chloroform (3 x 0.5 mL) and the solvent evaporated under nitrogen. The FAMEs were stored at -25ºC until GC and GC-MS analyses. Peak assignments were based on comparisons with analysed reference compounds, with library mass spectra and on the interpretation of mass spectra.
